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CASE REPORT
We treated a 62-year-old man with a several-year history of neuropathic pain. In 2002, he developed dizziness and diplopia. Intracranial chondrosarcoma diagnosed after a biopsy of a tumor at the right cerebellopontine angle (medial clivus and petrous part of the temporal bone). He underwent CyberKnife radiosurgery in 2002, and a right suboccipital craniectomy and tumor removal due to regrowth of the tumor in 2004 at another hospital. Since then, he had experienced left hemiplegia with a hemisensory deficit, right facial palsy, right cranial nerve VI palsy, and dysphagia. He suffered from neuropathic pain manifest as an uncomfortable cold squeezing and tightness, with allodynia to light touch in the left hemibody, especially the posterior thigh.
He was referred to the Department of Neurosurgery at St. Vincent's Hospital for a neuromodulation technique to treat the pain. In 2008, deep brain stimulation (DBS) was performed using the right ventral posterolateral nucleus and periventricular grey matter as targets. After the DBS and medication, the pain disappeared. However, the DBS was discontinued in 2013 because he developed a headache, and he took only medication to treat the pain. There was no evidence suggesting tumor regrowth on follow-up magnetic resonance imaging (Fig. 1) . Although the pain in the left posterior thigh gradually worsened, he could not take opioids (oxycodone, hydromorphone, or a fentanyl patch) or more than 1,200 mg of gabapentin because of side effects. He had been taking the maximum daily tolerable dosage of medication, a combination of gabapentin 1,200 mg, amitriptyline 10 mg, diazepam 4 mg, tramadol 100 mg, and duloxetine 60 mg. The regimen was not sufficient to reduce his pain.
In August 2016, his neurological symptoms worsened and he developed hoarseness of voice due to a right vocal cord palsy caused by recurrence of the sarcoma (Fig. 2) . In addition, his neuropathic pain worsened. He could not sit on a wheelchair because of severe pain. Together with his family and a physiatrist, the patient decided to see if the neuropathic pain could be managed with an injection of BTX-A, so that he could sit. BTX-A 100 units (Botox; Allergan, Irvine, CA, USA) was diluted in 2.4 mL normal saline. The preparation was injected subcutaneously in the most painful area of the posterior left thigh at 16 locations based on height and weight of 168 cm and 52 kg, respectively ( Fig. 3) . No immediate side effects were seen after the injection. The day after the injection, his pain had decreased from 6/10 before the injection to 2/10 on a visual analogue scale (VAS). The pain was well-controlled (2-3/10 on the VAS) 12 weeks after the injection and he was satisfied with the BTX-A injection.
DISCUSSION
BTX-A injections have proven anti-nociceptive effects for neuropathic pain in some disorders, but have been used only experimentally. This case report is the first article to describe the analgesic effect of subcutaneous BTX-A in neuropathic pain related to a brain tumor. Pharmacological management remains the most important therapeutic option for neuropathic pain, and combining two or more different drugs has been reported to be more beneficial than monotherapy [1] . Many patients www.e-arm.org with central pain have physical and cognitive impairments related to the CNS injury and may be less tolerant of medications that cause dizziness, ataxia, confusion, or sedation [1] . Our patient was unable to take a sufficient dose of medications or use neuromodulation techniques, due to side effects. Fortunately, the subcutaneous BTX-A injection had sufficient analgesic effect on his central neuropathic pain originating from a brain tumor.
Initially, intramuscular BTX-A injections were used to treat movement disorders, such as spasticity or dystonia. Many recent clinical studies have suggested that subcutaneous BTX-A injection has an analgesic effect on peripheral neuropathic pain, such as post-herpetic neuralgia, diabetic neuropathy, trigeminal neuralgia, and post-traumatic neuralgia [2, 3] . In addition, two case reports and two randomized controlled studies indicate that BTX-A may reduce chronic neuropathic pain in patients with spinal cord injury [4] . In most studies of BTX-A effect on neuropathic pain, BTX-A was administered subcutane- www.e-arm.org ously. The fractioned dosage varied between 2.5 and 7.5 U/cm 2 of the painful surface area, and the total dosage varied between 100 and 200 U [2] [3] [4] . We chose the subcutaneous injection of a total of 100 U into the most painful area of the posterior thigh in this case. Activation of sensory unmyelinated neurons by noxious stimuli evokes the release of neuropeptides (glutamate, substance P, and calcitonin gene-related peptides), causing local edema, hyperemia, and erythema. Since these inflammatory signs depend on the function and the integrity of peripheral sensory nervous system, the response has been termed neurogenic inflammation. The proposed mechanism of analgesic effect of BTX-A is the inhibition of neurogenic inflammation and peripheral sensitization by the attenuation of the release of neuropeptides from nociceptive sensory neurons via peripheral SNAP-25 cleavage. In addition, BTX-A may decrease the delivery to the neuron cell membrane of the transient receptor potential vanilloid-1, which intensifies the excitability of nociceptors. Blocking the peripheral sensitization would reduce the transmission of nociceptive signals to the CNS and also reduce the release of substance P and glutamate in the spinal cord, consequentially reducing the central sensitization [5, 6] . Reduction of pain intensity, secondary hyperalgesia, flare area, blood flow, and skin temperature following BTX-A treatment of human skin has been described [7] . Contrarily, the absence of an association between anti-inflammatory and antinociceptive effects of BTX-A has been reported. In carrageenan induced inflammation models, BTX-A reduced the mechanical hyperalgesia, but had no effect in local tissue inflammatory edema [8] . In another study, pain was reduced only if capsaicin was administered to the area pretreated with BTX-A in human skin. Neurogenic inflammation, including flare and vasodilation, was inhibited by BTX-A when capsaicin was applied to either the same or adjacent area treated by BTX-A [9] .
Evidence for central actions of BTX-A in pain modulation involving the axonal transport of BTX-A from periphery to CNS has been reported. In a sciatic nerve injured mouse model, BTX-A was administered subcutaneously into the hindpaw plantar surface. Immunofluorescence analysis showed the presence of cleaved SNAP-25 in tissues along the nociceptive pathway from the peripheral nerve endings to the spinal cord [10] . In addition, a bilateral anti-nociceptive effect after unilateral injection of BTX-A was observed in a paclitaxel-induced neuropathy model [8] . The collective observations indicate that subcutaneously injected BTX-A may directly inhibit primary sensory fibers, leading to a reduction of peripheral and central sensitization, with BTX-A transported retrogradely within the axonal compartment to the CNS.
In this case, BTX-A had a significant analgesic effect on the neuropathic pain induced by a brain tumor without apparent side effects. Randomized controlled trials are needed to determine the effective dosage and treatment interval of BTX-A for neuropathic pain in patients with brain tumors. Although the detailed mechanism of the BTX-A-induced pain relief is not fully understood, we believe that BTX-A may be helpful for the management of neuropathic pain results from structural brain lesion, such as brain tumor or stroke, leading to functional abnormalities in the nervous system. Subcutaneous BTX-A would be a useful addition for the treatment of neuropathic pain related to brain tumor.
